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SUMMARY 


M26E1  mult iperf orated  propellant  was  detonated  In  full- 
scale  shipping  drum  containers  and  mocked-up  full-scale  drop 
plug  buggies,  dryer  beds,  and  blenders.  Blast  output  was 
measured  and  TNT  equivalency  was  computed  based  upon  a com- 
parison with  the  explosive  blast  output  of  a surface  burst 
of  a hemispherlcally  shaped  TNT  charge.  The  results  of  these 
computations  in  terms  of  recommended  usage  TNT  equivalence 
profiles  are  presented  in  the  table  below  and  in  the  follow- 
ing figures: 


TNT  EQUIVALENCY  OF  M26E1  PROPELLANT 


TNT  Equivalency  (percent) 

3ft/lb1/3 

9ft/lb1/3 

18ft/lb1/3 

40ft/lb1/3 
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1 
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I 

P 

I 
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Shipping  Drum,  si  160  lb 

200 

300 

120 

100 

85 

95 

60 

85 

Drop  Plug  Buggy,  3 950  lb 

440 
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110 
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Normal  to  Long  Side 

90 
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95 

85 

75 
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Normal  to  Short  Side 

65 
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. 1 . INTRODUCTION 


1.1  Background 

The  US  Army  Materiel  Development  & Readiness  Command  began  a 
program  to  upgrade  the  safety  standards  of  new  and  existing  ammunition 
plants.  In  support  of  this  program,  the  Manufacturing  Tech- 
nology Directorate  of  Picatinny  Arsenal  developed  design 
standards  for  hardening  protective  structures  to  withstand  the 
effects  of  the  detonation  of  high  explosives.  Design  and 
safety  engineers  require  data  pertinent  to  the  maximum  strength 
of  a blast  wave  that  may  originate  from  any  of  the  propellant 
or  deflagrateable  materials  present  in  the  plant.  Since  the 
airblast  capabilities  of  M26E1  propellant  could  not  be  obtained 
from  the  available  literature,  Picatinny  Arsenal  sought  to  es- 
tablish the  TNT  equivalencies  of  this  material. 

Past  methods  used  for  siting  and  the  design  of  individual 
components  of  explosive  manufacturing  and  related  facilities 
have  been  based  on  gross  quantities  of  explosives  or  propel- 
lants. Present  day  technology  has  shown  that  cost  effective 
yet  safe  facilities  can  be  built,  if  design  criteria  are  based 
on  the  actual  explosive  output  of  the  materials  involved. 

A facility  designer  requires  information  on  the  blast 
pressure- time  history,  characterized  by  peak  pressure  and  pos- 
itive impulse.  A considerable  amount  of  prior  work  has  been 
performed  in  establishing  the  airblast  parameters  of  TNT. 
Consequently,  for  facility  designs  involving  other  energetic 
materials  the  design  information  can  be  expressed  in  terms  of 
TNT  equivalency.  In  this  report  information  is  presented  for 
peak  pressure,  positive  impulse,  pressure  TNT  equivalency,  and 
impulse  TNT  equivalency. 

Benefits  to  be  realized  through  this  study  include  signif- 
icant cost  savings,  by  avoiding  the  overdesign  of  structures, 
and  improved  safety  of  personnel  by  the  installation  of  ade- 
quate blast  protection. 

1.2  Objectives 

The  program  objectives  are  to: 

• experimentally  determine  the  maximum  airblast  out- 
put, peak  overpressure  and  positive  impulse  of 
M26E1  multiperf orated  propellant 


w: 
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• determine  the  TNT  equivalency  of  M26E1  propellant 
by  comparing  its  measured  pressure  and  positive 
impulse  with  those  produced  by  the  detonation  of 
an  unconfined  hemispherical  charge  of  TNT 

• determine  if  the  blast  output  from  M26E1  propel- 
lant scales  as  a function  of  weight. 
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2.  TEST  PROCEDURES 


2 . 1 Test  Sites 

Subscale  tests  were  conducted  at  the  IITRI  explosives 
research  laboratory  near  LaPorte,  Indiana.  A schematic  dia- 
gram of  the  test  area  physical  arrangement  is  shown  in  Fig.  1. 
It  consists  of  two  concrete  slabs  75  ft  long  by  10  ft  wide  in 
which  12  pressure  transducers  were  installed.  The  pressure 
transducers  were  mounted  flush  with  the  top  surface  of  the 
concrete  slab  in  mechanically  isolated  steel  plates.  The 
charges  were  generally  located  at  the  ground  zero  (GZ)  indi- 
cated on  Fig.  1;  however,  a few  tests  were  conducted  with  the 
charge  located  still  further  away  from  the  gages  in  order  to 
obtain  larger  scaled  distances.  Pressure  and  impulse  measure- 
ments were  made  8 to  162  ft  from  the  charges.  Scaled  distances 
ranged  from  2.3  to  over  40  ft/lb^/3.  The  M26E1  charges  were 
always  set  on  a steel  witness  plate,  on  ground  level. 

Full-scale  tests  were  performed  at  Dugway  Proving  Ground, 
Dugway,  Utah,  at  a desert  site  remote  from  any  buildings  or 
surface  obstructions.  A schematic  plan  view  of  the  test  site 
is  illustrated  in  Fig.  2.  An  earth  revetment  was  made  approx- 
imately 1800  ft  from  GZ,  and  an  instrumentation  trailer,  a 
portable  generator,  and  a personnel  shelter  were  shielded  be- 
hind it. 

Two  land  areas  approximately  500  x 40  ft  were  cleared  of 
all  brush  and  leveled.  Sixteen  pressure  gages  were  flush 
mounted  in  steel  plates  which,  in  turn,  were  flush  mounted  to 
the  ground  with  stakes.  They  were  located  at  discrete  inter- 
vals to  two  normally  perpendicular  lines  from  GZ.  Cables  from 
the  gages  to  the  instrumentation  trailer  were  buried  in  the 
immediate  area  of  the  charge  and  were  laid  on  top  of  the  ground 
the  rest  of  the  way  to  the  instrumentation  trailer.  The  gage 
positions  ranged  from  16  to  48  ft  from  GZ.  Only  12  pressure 
gages  were  used  during  any  one  test,  six  on  each  of  the  two 
gage  lines . 

2 . 2 Test  Configurations 

Two  basic  subscale  configurations  were  tested:  shipping 
drums  and  simulated  dryers.  Cylindrical ly  shaped  scaled-down 
shipping  containers  utilizing  charge  weights  of  8,  39,  50  and 
65  lb  were  tested.  The  aspect  ratios  of  the  cylindrical  con- 
tainers were  approximately  the  same  as  the  aspect  ratio  of  a 
full  size  (160  lb)  cylindrical  shipping  container  (L/D  ss  1.6). 


Fig.  1 IITRI  TEST  AREA 


Figure  3 illustrates  how  the  Comp  C4*explosive  boosters  were 
placed  into  the  M26E1  propellant  at  the  top  of  the  charge. 

The  cylindrical  boosters  had  an  aspect  ratio  of  1:1. 

The  second  subscale  test  configuration  simulated  an  in- 
process  dryer  configuration.  The  actual  dryer  is  25  ft  long 
by  5 ft  wide  and  can  contain  M26E1  material  in  depths  of  from 
3 to  6 inches . A maximum  of  1500  lb  of  M26E1  is  contained  in 
the  full  size  dryer.  Since  1500  lb  exceeds  the  explosive 
limits  of  the  IITRI  test  site,  only  scaled-down  dryer  config- 
urations were  tested  there.  Two  tests  were  conducted  wherein 
the  length-to-width  aspect  ratio  of  the  simulated  dryers  was 
equal  to  the  full-scale  dryer.  The  depth  of  material  could 
not  be  scaled,  because  it  would  then  be  less  than  the  critical 
depth  of  M26E1 . The  material  was  tested  at  two  depths,  however, 
3 and  6 inches,  the  minimum  and  maximum  depths  found  in  the 
full-scale  dryer  unit. 

The  simulated  dryers  used  were  constructed  from  1/2- inch- 
thick  plywood;  they  were  nailed  together.  A hole,  large 
enough  to  accept  a conically  shaped  Comp  C4  booster,  was 
drilled  into  the  top  of  each  box.  The  base  of  the  conically 
shaped  booster  sat  on  top  of  the  propellant.  Figure  4 illus- 
trates the  general  configuration  of  the  dryers. 

Four  full-scale  configurations  were  tested  in  this  pro- 
gram. The  first  was  a standard  fiber  drum  shipping  container, 
Fig.  5.  It  was  a heavy  walled  cardboard  drum  15  inches  in 
diameter  by  26  inches  long.  They  were  set  at  GZ  on  a 3/ 4- inch- 
thick  steel  witness  plate,  Fig.  6.  A cubically  shaped  Comp  C4 
explosive  booster  was  buried  into  the  top  of  the  M26E1  propel- 
lant in  the  shipping  drum. 


Fig.  3 SUBSCALE  SHIPPING  DRUM  CONFIGURATION 


Composition  C4,  a plastic  explosive,  91  percent  RDX,  2.1  per- 
cent polyisobutylene , 1.6  percent  motor  oil,  5.3  percent 
di(2-ethylhexyl)  sebacate. 


Fig.  4 SUBSCALE  DRYER  CONFIGURATION 


M26E1 


Fig.  5 SHIPPING  DRUM  CONFIGURATION 


A Shipping  Container 
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The  second  full-scale  configuration  was  a mock-up  of  a 
drop  plug  buggy.  They  were  constructed  with  3/4- inch- thick 
plywood  and  2 by  4 inch  wood  supports  (Fig . 7) . They  were  set 
up  off  the  ground  similar  to  an  actual  drop  plug  buggy.  Each 
buggy  was  loaded  with  over  900  lb  of  M26E1  propellant,  and  a 
cubical  Comp  C4  explosive  booster  was  buried  in  the  top  cen- 
ter of  the  propellant  pile.  Fig.  8. 

A dryer  bed  configuration  is  illustrated  in  Fig.  9.  They 
were  constructed  with  1/ 2-inch- thick  plywood  sheets  and  2 by 
4 inch  wood  supports.  Fig.  10.  A plywood  cover  was  nailed 
over  the  top  of  the  dryer  bed  after  it  was  loaded  with  M26E1 
propellant.  The  average  depth  of  propellant  in  the  simulated 
dryer  bed  was  4 inches.  The  Comp  C4  explosive  booster  was 
located  in  the  middle  of  the  bed.  The  bed  was  oriented  such 
that  the  long  side  of  the  bed  was  perpendicular  to  the  "odd" 
gage  line  and  the  short  side  of  the  bed  was  perpendicular  to 
the  "even"  gage  line  (Fig.  2). 
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Fig.  7 DROP  PLUG  BUGGY  CONFIGURATION 


A Drop  Plug  Buggy  Mock-up 


Fig.  8 M26E1  DROP  PLUG  BUGGY  CONFIGURATION 
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Fig.  9 DRYER  BED  CONFIGURATION 
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The  fourth  configuration  tested  was  a blender  barrel. 

Fig.  ii.  it  was  constructed  from  3/16-inch-thick  steel;  all 
seams  were  welded  together.  The  Comp  C4  explosive  boosters 
were  placed  in  the  M26E1  propellant  near  the  top  at  the  center 
of  the  blender,  Fig.  12. 

2.3  Verification  Tests 

During  the  course  of  this  test  program  several  field  veri- 
fication tests  were  performed  to  confirm  the  recording  accuracy 
of  the  pressure  and  impulse  measuring  systems.  They  consisted 
of  measuring  the  peak  pressure  and  positive  impulse  from  5 to 
100  lb  hemispherical  Comp  C4  explosive  charges,  Fig.  13.  The 
charges  were  set  on  steel  witness  plates  at  ground  level. 
Pressure  and  impulse  data  obtained  from  the  C4  verification 
shots  are  compared  to  established  TNT  hemispherical  surface 
burst  data  (the  increased  energetics  of  Comp  C4  is  accounted 
for) . All  of  the  gage  systems  used  in  these  tests  had  been 
previously  calibrated  in  a laboratory  using  accepted  standards. 
The  laboratory  calibrations  were  used  throughout  the  program. 
The  verification  tests  indicated  that  the  instrumentation  sys- 
tems were  functioning  properly . 
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The  resulting  pressure  and  impulse  data  points  for  the 
various  scaled  distances  of  the  verification  shots  are  plotted 
in  Fig.  14.  The  close  groupings  of  the  various  sets  of  points 
provide  a good  basis  of  confidence  in  the  proper  functioning 
of  the  blast  gages.  The  line  that  passes  through  the  "peak 
overpressure"  gage  points  is  a TNT  pressure  curve  used  as  a 
standard;  it  was  generated  by  Kingery,  BRL  1344,  1966.  The 
line  passing  through  the  "scaled  positive  impulse"  points  was 
generated  by  IITRI  for  Comp  C4.  It  utilizes  a 1.25  factor  to 
convert  the  weight  of  Comp  C4  to  the  equivalent  weight  of  TNT. 
Both  of  these  reference  curves  are  built  into  the  IITRI  com- 
puter program.  Consequently,  all  of  the  TNT  equivalencies 
shown  in  this  report  are  computed  from  these  reference  curves. 
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Pressure,  psig,  and  Scaled  Positive  Impulse,  psi-ms/lb 


3.  TEST  RESULTS 


The  appendixes  of  this  report  contain  field  data  sheets 
which  give  test  descriptions  and  evaluations  of  each  full- 
scale  test  after  they  were  shot.  They  also  contain  the  raw 
test  data  and  the  computer  printout  of  TNT  equivalencies  for 
individual  data  points . All  of  the  scaled  quantities  noted 
in  this  report  have  been  corrected  to  include  the  weight  of 
the  booster,  in  terms  of  its  equivalent  weight  of  M26E1,  in 
the  total  charge  weight. 

3.1  Shipping  Drum  Configuration 

The  tests  conducted  with  the  shipping  drum  configuration 
are  tabulated  in  Table  1.  The  first  four  tests  were  conducted 
to  determine  the  minimum  size  booster  required  to  obtain  maxi- 
mum blast  output  from  the  M26E1  charges.  The  ratios  of  Comp 
C4  booster  weight/M26El  charge  weight,  in  percent,  were  0.4, 
0.9,  1.8  and  2.3  percent  for  the  first  four  tests  respectively. 
There  was  evidence  of  unignited  propellant  in  the  test  area 
after  each  of  the  first  three  tests  with  50  lb  charges.  As 
the  booster  size  increased  .the  quantity  of  unconsumed  propel- 
lant decreased.  No  unreacted  propellant  was  found  after  a 2.3 
percent  by  weight  (680  gm  ) booster  was  used  for  a 65  lb 
charge.  Six  additional  tests  were  then  carried  out  using 
65  lb  charges  and  680  gm  boosters.  The  peak  pressure  and 
scaled  positive  impulse  measured  from  these  first  10  tests 
are  shown  in  Fig.  15.  Note  that  two  curves  without  data 
points,  labeled  M26-4(7) , have  been  drawn  to  depict  the  re- 
sults of  the  seven  tests  with  65  lb  charges  and  680  gm  boost- 
ers, one  for  pressure  and  one  for  impulse.  These  curves 
represent  an  eye-fit  through  the  data  of  the  seven  tests. 

The  peak  pressure  curve  for  a test  with  a 1.8  percent  by 
weight  (400  gm)  booster  and  the  composite  curve  for  tests 
using  2.3  percent  boosters  are  virtually  identical  over  the 
scaled  distance  range  of  2 to  20  ft/lbl/3  indicating  little 
difference  in  effect  of  booster  size.  Comparison  of  the  im- 
pulse curves  in  Fig.  15  shows  that  the  results  from  a test 
with  a 0.9  percent  by  weight  (200  gm)  booster  are  also  very 
close  to  that  of  the  2.3  percent  (680  gm)  booster. 

Further  experiments  in  scaled  simulated  shipping  contain- 
ers were  conducted  with  charge  weights  (39  and  8 lb)  signifi- 
cantly lower  than  the  65  lb  tests.  These  are  shown  in  Fig.  16 
in  comparison  with  the  composite  curve  of  the  seven  65-lb  tests 
For  the  first  of  the  8 lb  charge  weight  tests,  a 2.7  percent 
by  weight  (100  gm)  booster  was  used;  however,  unreacted  propel- 
lant was  again  found  scattered  about  the  test  site. 
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Two  more  tests  were  conducted  at  8 lb  using  5.5  percent  boost- 
ers, resulting  In  no  unreacted  propellant  remaining  after 
the  tests.  However,  the  scaled  blast  output  was  still  low  in 
comparison  to  the  larger  weight  tests,  Fig.  16.  Both  the 
pressure  and  scaled  impulse  results  from  two  tests  with  39  lb 
charge  weights  and  the  seven  tests  compare  very  closely  over 
the  scaled  distance  range  of  2 to  at 25  ft/lbl'3  indicating  that 
maximum  blast  output  effects  have  most  likely  been  observed  at 
these  charge  weights  and  configuration. 

Figure  17  presents  all  of  the  peak  pressure  and  scaled 
impulse  data  obtained  from  the  seven  tests  with  65  lb  charge 
weight  shipping  containers. 

Three  tests  were  conducted  with  160  lb  M26E1  propellant 
in  full-scale  shipping  drum  configurations,  A-M26-1.2.3.  In 
all  three  tester  a cubical  4 lb  Comp  C4  explosive  booster  was 
located  at  the  top  of  the  charge.  A 4 lb  Comp  C4  booster  is 
approximately  2.5  percent,  by  weight  ratio,  as  large  as  the 
M26E1  charge.  In  these  tests  no  unignited  propellant  was  ob- 
served in  the  test  area  posbtest,  thereby  indicating  that  all 
of  the  propellant  was  consumed  in  the  tests.  Relatively  large 
craters  were  formed  and  the  steel  witness  plates  were  bent 
and  spalled.  The  results  of  these  tests  are  plotted  on  Fig.  18. 
The  curve  is  an  eye- fit  average  through  the  data  points.  The 
dashed  curve  represents  the  averaged  results  of  seven  65- lb 
charge  M26E1  tests. 

The  65  lb  test  curves  fall  within  the  range  of  data  scat- 
ter except  at  very  small  scaled  distances . This  indicates 
that  for  the  most  part  the  blast  output  from  M26E1  in  this 
configuration  and  weight  range  (i.e.,  65  to  160  lb)  scales. 

Tests  with  smaller  quantities  of  M26E1  indicated  a trend  where 
the  blast  output  was  increasing  with  increasing  charge  weight. 

It  should  be  noted  that  the  pressure- time  profiles  of  the  re- 
corded blast  output  were  classically  shaped,  an  initial  peak 
shock  wave  followed  by  an  exponential  pressure  decay.  Fig- 
ure 19  illustrates  the  effect  of  charge  weight  on  peak  pressure 
output  for  selected  scaled  distances  (3,  9,  18  and  40  ft/lb1'3). 

3.2  Drop  Plug  Buggy  Configuration 

There  is  an  air  gap  between  the  ground  surface  and  the 
bottom  of  the  M26E1  propellant  charge,  Fig.  7.  An  actual  drop 
plug  buggy  is  similarly  supported  above  the  ground  by  a set  of 
wheels.  The  pressure-time  profiles  recorded  at  any  given  dis- 
tance from  these  charges  were  multipeaked  as  a consequence  of 
this  particular  configuration.  Multiple  shock  reflections 
from  the  ground  surface  coupled  with  the  low  profile  of  the 
charge  contributed  to  the  nonideal  pressure-time  waveforms . 
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Pressure,  psig;  Scaled  Positive  Impulse 
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Small-Scale  Shipping  Drum  Configuration 
65  lb  M26E1 

Tests  M26-4, 5, 6, 7,13,14,15 


SCALED  IMPULSE 


WJH 


6 10 

Pressure-Scaled  Distance,  ft/lb1 


Fig.  18  PRESSURE  AND  SCALED  IMPULSE,  FULL-SCALE 
SHIPPING  DRUM  CONFIGURATION 


23 


! 3 ft/lb1/3 


18  ft/lb 


40  ft/ lb 


Fig.  19  PEAK  PRESSURE  vs 


M26E1  Charge  Weig 


The  three  tests  conducted  are  listed  in  Table  2. 


TABLE  2 


DROP  PLUG  BUGGY  TESTS 


Charge 

Booster 

wB/wc 

(percent) 

Test 

Weight 

(lb) 

Weight 

(lb) 

E-M26-1 

951% 

25 

2.6 

E-M26-2 

944% 

25 

2.6 

E-M26-3 

955% 

25 

2.6 

The  results  of  these  drop  plug  buggy  tests  are  shown  in 
Fig.  20.  The  peak  pressure  data  points  shown  are  the  peak 
pressures  recorded  and  are  not  necessarily  the  first  shock 
wave  pulse  in  the  pressure- time  profile.  At  scaled  distances 
greater  than  10,  the  multiple  shock  pulses  start  to  noticeably 
coalesce  and  consequently  the  peak  pressure  is  enhanced  as 
evidenced  by  the  hump  in  the  pres sure- distance  curve  at  a 
scaled  distance  of  approximately  17  ft/lbl/3.  in  all  of  these 
tests  the  M26E1  propellant  charge  was  totally  consumed. 

3.3  Dryer  Bed  Configuration 

The  tests  are  summarized  in  Table  3. 

TABLE  3 


DRYER  BED  CONFIGURATION  TESTS 


Test 

Charge 

Weight 

(lb) 

Booster 

Weight 

(lb) 

wB/wc 

(percent) 

Dimensions 

M26-B1 

58.0 

1.5 

2.6 

17"xl7"x6"  Depth 

M26-B2 

60.0 

1.5 

2.5 

38"x7-l/2"x6"  Depth 

M26-B3 

59.5 

1.5 

2.5 

53-3/4"xl0-3/4"x3"  Depth 

F-M26-7 

1586.0 

12.5 

0.8 

20,x41-l/2,'x4"  Depth 

F-M26-8 

1598.0 

13.5 

0.8 

20’x41-l/2"x4"  Depth 

F-M26-9 

1584.0 

13.7 

0.9 

20’x41-l/2"x4"  Depth 

The  dryer  bed  configuration  is  one  from  which  a compli- 
cated multipeaked  blast  pressure  field  is  generated.  Since 
the  dryer  bed  is  nonsynmetric  one  can  expect  different  blast 
fields  in  the  two  perpendicular  directions  in  which  pressure 
and  impulse  are  measured.  The  maximum  peak  pressure  measured 
at  any  one  gage  station  was  not  necessarily  the  first  peak  in 


25 


wpiw^Hiiwpmwff- 


PHBSBaw 


Impulse -Scaled  Distance,  ft/lb^3 


1/1 

Pressure-Scaled  Distance,  ft/ lb 


Fig.  20  PRESSURE  AND  SCALED  IMPULSE,  FULL-SCALE  DROP 
PLUG  BUGGY  CONFIGURATION 
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the  pressure-time  waveform.  Coalescence  of  shock  waves  oc- 
curred and,  consequently,  the  pressure-distance  and  impulse- 
distance  curves  are  not  smooth. 


The  first  subscale  dryer  test,  M26-B1 , was  a square  shaped 
box  and  consequently  was  symmetrical  with  respect  to  the  two 
90  degree  gage  lines.  Peak  pressure  and  positive  imDulse  for 
this  shot  is  plotted  on  Fig.  21.  Data  points  from  both  gage 
lines  were  used  to  obtain  the  curves  shown  for  Test  M26-B1. 

The  wave  shapes  of  the  pressure  time  records  were  hashy,  con- 
sisting of  many  peaks  in  contrast  to  a classical  single  peaked 
blast  wave. 


Results  from  dryer  configuration  tests  M26-B2  and  M26-B3 
are  plotted  on  Figs.  21  and  22.  These  configurations  were  not 
symmetrical  with  respect  to  the  two  gage  lines  and  different 
results  were  obtained  in  each  direction.  Pressure  and  impulse 
measured  normal  to  the  long  side  or  length  of  the  box  are 
plotted  on  Fig.  21.  Pressure  and  impulse  measured  normal  to 
the  short  side  or  width  of  the  box  are  plotted  on  Fig.  22. 

For  comparison , the  pressure  and  impulse  curves,  without  data 
points,  of  test  M26-B1  are  repeated  on  Fig.  22. 


Figures  21  and  22  show  that  peak  pressure  and  positive 
impulse  are  greater  in  the  direction  normal  to  the  long  side 
of  the  box.  Since  the  same  booster  weight  (680  gm)  and  approx- 
imately the  same  charge  weight  («60  lb)  were  used  for  all  three 
tests,  the  differences  in  the  measured  blast  output  are  most 
likely  due  to  the  differences  in  geometry. 


For  tests  M26-B1  and  M26-B2,  the  same  material  depth, 

6 inches,  was  used.  When  the  material  depth  was  reduced  to 
3 inches  (test  M26-B3X  the  blast  output  was  reduced  consider- 
ably in  both  directions.  The  3 inch  depth  could  be  close  to 
the  critical  depth  of  M26E1  propellant  and  consequently  the 
blast  output  would  be  lower. 


Results  of  the  full-scale  dryer  configuration  tests,  F- 
M26-7.8,  and  9,  are  illustrated  on  Figs.  23  and  24.  At  scaled 
distances  less  than  « 13  ft/ lb1/ 3 pressure  and  impulse  in  the 
direction  perpendicular  to  the  longest  side  of  the  box  is 
greater  than  in  the  direction  perpendicular  to  the  short  side 
of  the  box.  At  larger  distances  the  reverse  is  true. 


A small  weight  Comp  C4  booster  was  used  to  ignite  these 
charges.  It  was  located  in  the  center  of  the  bed  of  M26E1. 

The  Comp  C4  cube  was  approximately  as  thick  as  the  4 inch 
depth  of  the  M26E1  bed.  A larger  weight  cubical  booster  would 
have  extended  out  of  the  M26E1  propellant  and  probably  would 
not  have  contributed  to  the  ignition  of  the  propellant.  No 
unreacted  propellant  was  found  In  the  area  post-test. 
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Pressure,  psig;  Scaled  Positive  Impulse,  psi-msec/lb 


Impulse-Scaled  Distance,  ft/lb 


Small-Scale  Simulated  Dryer  Configuration 
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Fig.  21  PRESSURE  AND  SCALED  IMPULSE,  SMALL-SCALE  DRYER 
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Fig.  23  PRESSURE  AND  SCALED  IMPULSE,  FULL-SCALE  DRYER 

BED  CONFIGURATION,  MEASURED  NORMAL  TO  LONG  SIDE 


Peak  Pressure,  psig,  and  Scaled  Positive  Impulse,  psi-ms/lb 


Impulse-Scaled  Distance,  ft/lb 
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Fig.  24  PRESSURE  AND  SCALED  IMPULSE,  FULL-SCALE  DRYER 

BED  CONFIGURATION,  MEASURED  NORMAL  TO  SHORT  SIDE 


3.4  Blender  Configuration 

Three  tests  were  conducted  with  M26E1  propellant  in  a 
simulated  full-scale  blender  configuration  (Table  4) . 


TABLE  4 


BLENDER  CONFIGURATION  TESTS 


Test 

Charge 

Weight 

(lb) 

Booster 

Weight 

(lb) 

wB/wc 

(percent) 

G-M26-10 

1911 

45 

2.4 

G-M26-11 

1914 

45 

2.4 

G-M26-12 

2043 

45 

2.2 

The  propellant  was  poured  into  the  blender  through  a hole  in 
the  top  of  the  tank.  The  propellant  was  allowed  to  pyramid 
in  the  metal  tank.  A cubical  Comp  C4  booster  was  then  buried 
in  the  top  of  the  M26E1  propellant  mound.  The  boosters  weighed 
slightly  less  than  2.5  percent  of  the  propellant  weight  for 
each  test. 

During  each  test  in  this  series  the  metal  blender  was 
fragmented  into  small  pieces  and  large  craters  were  formed  in 
a loose  soil  surface.  No  unignited  M26E1  propellant  was  ob- 
served in  the  test  area  posttest. 

The  results  of  these  tests  are  shown  in  Fig.  25.  There 
is  a lot  of  scatter  in  the  data  which  indicates  that  the  mate- 
rial did  not  react  the  same  way  during  each  test.  For  the 
most  part,  the  pressure-time  blast  pulses  measured  were  single- 

peaked  waves. 

3.5  TNT  Equivalency  Calculations 

Calculations  were  made  of  TNT  equivalency  for  all  test 
results.  However,  only  the  full-scale  test  results  are  plot- 
ted herein.  TNT  equivalency  is  defined  as  the  ratio  of  charge 
weights  (i.e.,  TNT  weight  divided  by  test  material  weight) 
that  will  give  the  same  peak  pressure  (or  positive  impulse) 
at  the  same  radial  distance  from  the  charge.  The  weight  of 
the  booster,  in  an  equivalent  material  weight  measure,  is  in- 
cluded in  the  total  charge  weight  during  the  computational 
procedure . 
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Figure  14  gives  the  TNT  reference  curves  for  impulse  and 
pressure.  These  curves  must  be  used  to  reconvert  equivalency 
values  back  into  pressure  or  positive  impulse.  The  data  points 
shown  on  Fig.  14  are  pressure  and  positive  impulse  measurements 
made  during  the  Comp  C4  verification  tests. 

TNT  equivalency  calculations  were  made  from  the  average 
eye- fit  pressure  and  scaled  impulse  curves  for  the  shipping 
drum  configuration  tests.  Calculations  were  made  from  the 
average  and  maximum  eye- fit  pressure  and  scaled  impulse  curves 
for  the  other  three  full-scale  configurations:  drop  plug  bug- 
gy, dryer  bed,  and  blender.  The  data  from  these  later  three 
test  configurations  were  quite  scattered  indicating  that  the 
tests  on  a particular  configuration  were  not  reproducible. 

A designer  should  use  the  maximum  TNT  equivalencies . 

Figures  26  through  30  give  the  TNT  equivalencies  as  a 
function  of  scaled  distance  for  the  four  configurations  tested. 
The  highest  equivalencies  were  obtained  from  the  drop  plug 
buggy  configuration  at  small  scaled  distances . The  dryer  con- 
figuration due  to  its  thin  profile,  yielded  the  lowest  TNT 
equivalency  values . Because  of  the  nonsymmetrical  dryer  bed 
configuration,  different  TNT  equivalency  values  were  obtained 
in  the  two  orthogonal  directions  in  which  pressure  and  impulse 
were  measured. 

The  pressure  TNT  equivalencies  for  the  shipping  container 
and  blender  configurations  are  similar;  they  fall  within  the 
same  data  band.  These  two  configurations  are  the  most  compar- 
able ones  of  the  four  tested.  They  are  both  cylindrical. 
However,  the  aspect  ratios  of  the  two  cylinders  varied  by  a 
factor  of  2.6.  This  difference  in  aspect  ratios  should  have 
given  quite  different  TNT  equivalency  results;  the  difference 
in  the  degrees  of  confinement  between  the  two  configurations 
may  have  compensated  the  results.  At  small  scaled  distances, 
<10  ft/lbl/3,  there  is  a distinct  difference  in  impulse  TNT 
equivalency  for  these  two  configurations . 

The  TNT  equivalency  results  presented  in  the  summary  of 
this  report  are  based  upon  the  average  pressure  and  scaled  im- 
pulse curves  for  the  shipping  drum  configuration  and  upon  the 
maximum  curves  for  the  drop  plug  buggy,  dryer,  and  blender 
configurations . 
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Fig.  28  FULL-SCALE  DRYER  BED  CONFIGURATION,  TNT  EQ 
MEASURED  NORMAL  TO  LONG  SIDE 


Fig.  29  FULL-SCALE  DRYER  BED  CONFIGURATION 
MEASURED  NORMAL  TO  SHORT  SIDE 
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4.  CONCLUSIONS 


1.  M26E1  multiperf orated  propellant  is  a detonatable 
material. 

2.  It  can  generate  peak  pressures  and  positive  im- 
pulses which  are  greater  than  those  produced  from 
an  equivalent  weight  of  TNT. 

3.  The  blast  output  from  M26E1  propellant  is  depend- 
ent upon  the  configuration  from  which  it  detonates . 

4.  TNT  equivalency  values  were  determined  for  M26E1 
propellant  in  four  in-process  manufacturing  con- 
figurations. 

5.  The  blast  output  from  M26E1  propellant  scales  as 
a function  of  charge  weight  in  quantities  greater 
than  65  lb.  However,  this  statement  applies  only 
to  the  shipping  drum  configuration. 
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14.91 

110,00 

17.25 

106,00 

20.17 

72,30 

27,17 

2«,20 

10,17 

19,10 

19.61 

9,28 

42.91 

8.22 

80.73 

2,67 

01.92 

2,50 

M26-13.14.15 

65  L«S  (1 

85.69 

2.95 

85.69 

2.91 

85.69 

2.49 

90,51 

2.63 

90.51 

2,6? 

90.51 

2,38 

108,30 

1.95 

108.30 

1,69 

108,30 

1.74 

114,60 

1.62 

114.60 

1.57 

114,60 

1,51 

110.30 

1.42 

120,30 

1.6? 

120.50 

1.32 

162.00 

.99 

162.00 

.98 

162.00 

t«6 

M26-6  19  LBS 

(400GM) 

0.71 

319,00 

0,79 

362,00 

11.72 

151.00 

11.90 

167,00 

16.94 

66,30 

16.90 

45,10 

26.97 

16.20 

27.00 

11.70 

. _19.«7 

_ 5,73 

19,71 

6.61 

00.60 

1,06 

00,71  _ 

1.7a 

m 

1 

(PST-MS) 

CVLlNOfcR  L/0  * 1.7 


• ■ 

01,  OU 

• • 

73,80 

90.00 

91.50 

44.30 
27.60 
2 5.40 
?«.50 

13.00 

14.50 

9 L»S)  CYLINtlFK  L/"  ■ 1 

11.90 

11.70 

11.30 

13.10 

12.70 

12.50 

11.30 

11.30 
1 1 .Oo 

10.30 

10.00 

7 .89 
8,40 
0,40 
7.91 
7,20 

7,10 

6.90 

CVL1NDEM  L/0  ■ 1.7 

10*. 00 
111.00 

71.00 

67.70 

41.10 

46.90 

27.50 

24.30 

17.00 

19.30 
9.12 
0,04  _ 


.7 


I 

I 

I 


TEST  DATA 

R 9 1 

(FT)  (P3I&)  (PSI**S) 

*26-9  19  LBS  (4U06M)  CYLINDER  L/D  • 1.7 


8.75 

242.00 

106,00 

e.79 

369,00 

82.20 

11.72 

198,00 

66 , 7 0 

11.98 

192,00 

84,20 

18.98 

62,90 

42,40 

19*96 

37,10 

42.50 

26.97 

17,70 

27.30 

27,00 

14,70 

24,40 

39.87 

5*93 

16.80 

39.73 

6,90 

19,30 

80.68 

1.81 

9,18 

80,71 

1.72 

9,18 

*26-10  8 l«S  (1006H)  CYLINDER  L/D  • 1.7 


8.75 

34.30 

25.50* 

8,79 

32.60 

15,70 

11.72 

13.60 

14,50 

11.96 

14,60 

15.50 

16.94 

10.24 

10.60 

16,98 

1 1 .40 

10.10 

26.97 

4.52 

7.71 

27.00 

4,29 

7.19 

39.47 

2,00 

4.53 

39,73 

2,07 

4,39 

9 0 1 66 

.75 

2.27 

*0#7i 

.73 

2.24 

M26-11  « LBS  (2006H)  CYLINDER  L/D  » 1.7 


8.75 

85,60 

36,70 

8,79 

44,40 

20.50 

11,72 

21,20 

21.20 

11.98 

2«.60 

18,50 

16.94 

11.30 

12.80 

16.98 

12.90 

1_8.60 

26,97 

5,66 

9.32 

27.00 

5,58 

8.29 

39,47 

2.35 

5,41 

39.71 

2.37 

5,97 

60,68 

• 82 

2.82 

R0.71 

•81 

2,65 

61 

U81  DATA 


N 

P 

J 

(FT) 

(P8IG) 

(PS1-*S) 

M2b*Bl  5*  LbS 

(1.5  LB) 

17*X17*X66 

8.  76 

311.00 

48.50 

8.86 

358.00 

113.00 

1 1 .77 

136.00 

99.90 

» t .97 

159,00 

127.00 

16.96 

73.80 

59,60 

17,03 

«7.50 

69.00 

26.99 

16,90 

33.00 

27,03 

19.10 

27.40 

39.99 

6,66 

25.10 

39,79 

6.69 

24,40 

80.69 

£.13 

19,30 

80,7b 

£.oi 

15,10 

M2b»d2N  60  Lob 

(1.5  LH) 

7,56X389X66 

b.bb 

a«3. On 

99,70 

U.77 

£55.00 

129,00 

17.03 

128.00 

66.10 

27,03 

£7.00 

39.30 

39.79 

10.90 

27.40 

60.76 

£.6? 

14.10 

*26*6 £fc  60  LOS 

(1.5  LH) 

7,56X386X»» 

8.78 

911.00 

51.30 

11.97 

150.00 

81,20 

16.96 

59,50 

42,00 

26.99 

7.75 

26, 7u 

39.99 

9.13 

33.60 

80.69 

3.92 

15.50 

M26-6JN  59,5  LbS  (1.5  l«)  10,75»X53. 75**36 

8.86 

165,00 

101.00 

U.77 

U1.00 

98,  £0 

17.03 

98,60 

39,40 

27.03 

19.70 

£9.40 

39.79 

8,£9 

£1.90 

80.78 

2,07 

12.00 

'126-H3E  59,5  LBS  (l.f  IP)  1 0 , 75*X53 . 7S*X  J# 

B.7B 


£06*00 


69.30 


» 1 


TEST  DATA 

•M* 

R 

P 

X 

(FT) 

CPSIG) 

(PSI-MS) 

(A)M26«1 t 158 

,5*  M 26  and 

4s  C4 

16.04 

• • 

203,00 

16.09 

255,00 

179,00 

26.04 

75.90 

74.10 

26.09 

77.00 

87,00 

36.04 

•9  • 

52,50 

36,08 

29,30 

51.20 

60.03 

8,40 

31.30 

60.08 

7.60 

37,80 

100.10 

3.20 

22.70 

100.10 

3.18 

22.20 

169.10 

1.37 

13,80 

169.20 

1.36 

13.90 

<A)M26*2»  158 

,25<  H26  AND  4s  C4 

16.04 

m * 

188,00 

16.09 

214.00 

210,00 

26.04 

60,20 

85,80 

26,09 

80.00 

•»  m 

36.04 

25,50 

64,30 

36.08 

25,60 

• m 

60.03 

8,02 

32.30 

60.08 

7,91 

36.80 

100.10 

3.26 

22.20 

100.10 

2.99 

22.10 

169,10 

1.35 

14.10 

169.20 

1.26 

11,90 

| (A)M26-3t  158 

,25s  M26  AND  4s  C4 

16,04 

231.00 

221.00 

1 16.09 

224,00 

199.00 

26,04 

64.80 

99.70 

36,04 

28,00 

62.60 

36,08 

30.00 

• • 

60.03 

8,16  . 

. 32.00 

60.08 

8,57 

38.20 

100.10 

3.34 

22.00 

100,10 

3.14 

21,40 

169.10 

1.31 

13,60 

169,20 

1.35 

12.30 

» 

■J 

64 

u 


TEST  U A 1 A 


R P I 

(FT)  (PSIG)  (PSI-ms) 
<E)M26-4»  951.75=  M26  AND  25=  C 


26.04 

332.00 

m m 

26,13 

407,00 

273,00 

36.03 

194.00 

281,00 

36.15 

198.00 

327.00 

59.96 

36,40 

143,00 

100.13 

7,30 

71.30 

100.13 

7.14 

66.30 

170.13 

4,16 

50. BO 

170,19 

4.11 

51.10 

320,03 

1.96 

24.90 

320.33 

1.66 

27.20 

<E)M26-5»  944.25=  M26  AND  25=  C« 


26,04 

^ ■ 

215,00 

26.13 

422.00 

222,00 

36.03 

161.00 

346,00 

36.15 

220,00 

m m 

60.13 

35.40 

130.00 

100.13 

5,87 

73.00 

100.13 

5,58 

68.30 

170.13 

5.26 

51.60 

170.19 

2.74 

50,10 

320.03 

1,62 

26,50 

320,33 

1.38 

27,40 

(E) M26»6 1 955=  M26  AND  25=  C4 


26.04 

478.00 

194.00 

26.13 

390.00 

177.00 

36.03 

239,00 

334,00 

36.15 

177,00 

288,00 

59.96 

45.10 

135,00 

60.13 

33,50 

124,00 

100.13 

6.27 

69,80 

100,13 

5.13 

65.10 

170.13 

5.30 

49.70 

170.19 

4.14 

48,00 

320,03 

1.72 

24,60 

320.33 

1.83 

26,70 

6(5 


US!  DATA 


R PI 


(FT) 

(PS1G) 

(PSI.MS) 

CE)626«70.  156s 

M26  AND 

12.5*  C 6 

36.06 

122.00 

206.00 

60»0<> 

39.20 

m m 

100*13 

11.90 

65.70 

170.15 

5.06 

66,60 

320.33 

l.«0 

29,80 

080.23 

• 68 

21,50 

(C)M26«au*  1597. 

75*  *26 

AMD  13.5*  C« 

36.06 

95.70 

162.00 

60.00 

00.50 

m 9 

100.13 

10.60 

66, 6y 

17-1.15 

9.35 

58.60 

320.33 

1.28 

23.50 

080.23 

• 66 

15.10 

(E)H26«9l>*  1583. 

5*  M26 

AND  13.7*  C 6 

36.06 

120.00 

171.00 

60.00 

36.10 

m m 

100.13 

12.60 

65,30 

170.15 

3.99 

59.30 

320,33 

1.16 

22,20 

060,23 

.59 

t«.20 

(E)M26*7fc»  158s 

*20  ANt 

12.5*  C6 

36.13 

70.90 

123.00 

59,98 

23.00 

66.20 

100,17 

5.65 

m m 

170.02 

6.60 

75. 9y 

319.90 

2,16 

36.90 

079,67 

1.13 

23.60 

(EJH26-8E.  15  7 7, 

75*  M26 

AND  13.5*  C 6 

36.13 

97,70 

119,00 

59.96 

26.60 

62.00 

100.17 

6.13 

50,70 

170.02 

3,61 

57.70 

319.90 

1.55 

26.10 

079,67 

• 85 

16,00 

TfcST  OATA 


R P I 


(FT) 

IPSIG) 

(PSI-HS) 

(E)M26.9£,  1583 

,6s  N26 

AND  13.7*  1 

59.98 

29»00 

63.50 

100.17 

6.25 

64.50 

170.02 

3.51 

58.60 

319.90 

1,46 

26.10 

979,67 

.73 

16.10 

<G)M26~10«  1910 

,8*  M26 

AND  45s  C4 

36.06 

294,00 

227,00 

60.04 

93.40 

«■  m 

100.13 

10,70 

81,20 

170.02 

5.43 

69.10 

170,20 

5,02 

86,70 

319.90 

1.72 

30,60 

320.33 

1.73 

31.20 

479.67 

1.01 

20.70 

480,23 

.68 

19.40 

(G) M26* lit  1913 

.9=  M26 

AND  45s  C4 

36.06 

■»  m 

247,00 

59,98 

72.90 

101,00 

60.04 

71.00 

70,10 

100.13 

13,00 

79,60 

100.17 

14.50 

170.20 

5,28 

74.40 

319.90 

2.06 

31.50 

320.33 

1.80 

29,90 

479.67 

1.05 

20,60 

(G)M26*12t  2042 

,8s  H26 

AND  45s  C4 

36.06 

187,00 

m m 

60,04 

60,80 

77,80 

100.13 

12.60 

72.40 

100.17 

12.50 

72.90 

170.20 

4.27 

58.90 

319.90 

1.57 

28.30 

320,33 

1.51 

29.30 

479,67 

.84 

18.60 

480.23 

.81 

19.00 
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Commander 

Badger  Army  Ammunition  Plant 
Bara boo,  Wl  53913 


Commander 

Indiana  Army  Ammunition  Plant 
Charlestown,  IN  47111 

Commander 

HoJston  Army  Ammunition  Plant 
Kingsport,  TN  37660 

Commander 

Lone  Star  Army  Ammunition  Plant 
Texarkana,  TX  75501 

Commander 

Milan  Army  Ammunition  Plant 
Milan,  TN  38358 

Commander 

Iowa  Army  Ammunition  Plant 
Burlington,  IA  51601 


Commander 

Joliet  Army  Ammunition  Plant 
Joliet.  IL  60436 


Commander 

Longhorn  Army  Ammunition  Plant 
Marshall.  TX  75670 

Commander 

Louisiana  Army  Ammunition  Plant 
Shreveport.  LA  71130 

Commander 

Cornhusker  Army  Ammunition  Plant 
Grand  Island.  NB  68801 

Commander 

Ravenna  Army  Ammunition  Plant 
Ravenna,  OH  44266 

Commander 

Newport  Army  Ammunition  Plant 
Newport,  IN  47966 

Commander 

Volunteer  Army  Ammunition  Plant 
Chattanooga,  TN  37401 

Commander 

Kansas  Army  Ammunition  Plant 
Parsons,  KS  67357 

District  Engineer 

US  Army  Engineering  District,  Mobile 
Corps  of  Engineers 
PO  Box  2288 
Mobile.  AL  36628 
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District  Engineer 

US  Army  Engineering  District,  Ft.  Worth 
Corps  of  Engineers 
PO  Box  17300 
Ft.  Worth,  TX  76102 

District  Engineer 

US  Army  Engineering  District,  Omaha 
Corps  of  Engineers  6014  US  PO  6 Courthouse 
215  N 17th  Street 
Omaha,  NB  78102 

District  Engineer 

US  Army  Engineering  District,  Baltimore 
Corps  of  Engineers 
PO  Box  1715 
Baltimore,  MD  21203 

District  Engineer 

US  Army  Engineering  District,  Norfolk 
Corps  of  Engineers 
803  Front  Street 
Norfolk,  VA  23510 

Division  Engineer 

US  Army  Engr.  District,  Huntsville 
PO  Box  1600,  West  Station 
Huntsville,  AL  35807 

Commander 

Naval  Ordnance  Station 
Indianhead,  MD  20640 

Commander 

US  Army  Construction  Engr  Research  Laboratory 
Champaign,  IL  61820 
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Commander 

Dugway  Proving  Ground 
Dugway,  UT  84022 
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Commander 

Savanna  Army  Depot  91 

Savanna,  IL  61704 

Civil  Engineering  Laboratory 

Naval  Construction  Battalion  Center  92 

ATTN:  L51 

Port  Hueneme,  CA  93043 
Commander 

Naval  Facilities  Engineering  Command  93 

(Code  04,  J.  Tyrell) 

200  Stovall  Street 
Alexandria,  VA  22322 


Commander 
Southern  Division 

Naval  Facilities  Engineering  Command 

ATTN:  J.  Watts  91 

PO  Box  10068 
Charleston,  SC  29411 


Commander 
Western  Division 

Naval  Facilities  Engineering  Command 
ATTN:  W.  Morre 

San  Bruno,  CA  94066 

Officer  in  Charge 
Trident 

Washington,  DC  20362 

Officer  in  Charge  of  Construction 
Trident 

Bangor,  WA  98348 

Commander 
Atlantic  Division 

Naval  Facilities  Engineering  Command 
Norfolk,  VA  23511 
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Commander 

Naval  Ammunition  Depot 

Naval  Ammunition  Production  Engineering  Center 
Crane,  IN  47522 
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